The WARP (WIMP Argon Programme) experiment aims to the detection of WIMP elastic scattering interactions occurring in a target of liquid Argon. The simultaneous detection of prompt scintillation light in liquid Argon and delayed signals coming form the extraction of ionization electrons in the gas phase provides a clean identification of recoil events in the range 10 ¡ 100 keV. The 100 liter detector under construction at the Laboratori Nazionali del Gran Sasso (Italy) will be able to achieve a sensitivity of few 10¢ 8 pbarn. In the same underground site a 2.3 liter prototype has been operated for one year collecting more than 5 £ 10 6 events. Based on this data, results on the amount of 39 Ar isotope in commercial liquid Argon together with a study on the background rejection power achievable by the event selection technique is reported.
Introduction
Recent discoveries in cosmology, astrophysics and particle physics seem to indicate that only 5% of our Universe is made of ordinary matter and visible electromagnetic radiation.Observations on the galaxies rotation curves, gravitational lensing and large scale structure could be explained assuming that a large fraction of the Universe (as much as 30%) should be made of neutral, non relativistic and non baryonic matter, the so called Dark Matter. Elementary particle physics offers a solution to this problem by assuming that this matter could be constituted by weakly interacting massive particles (WIMPs); the most promising WIMP candidate is the Lightest Super-symmetric Particle (LSP) found in Super-symmetric extensions of the Standard Model of Unified interactions. According to this model and to recent experimental results the WIMP-nucleus interaction cross section is smaller than 10 6 pbarn; the experimental sensitivity is thus limited by the background conditions and the active detector mass. The background can be reduced by going deep underground in order to shield the detector from cosmic rays and by adding a shield against natural radioactivity. Detector mass is limited by the choice of the detection technique and of the target nucleus. The WARP experiment [1] has been conceived profiting from the experience achieved by the ICARUS [2] collaboration in the use of cryogenic noble liquids; liquid Argon operated in the so called "double phase" technique has proven to be an excellent solution to the problem of having a large detector mass together with a very low detection threshold and background.
The WARP experiment
The WARP experiment aims at the discovery of WIMPs via the simultaneous detection of scintillation light and ionization produced by WIMPs interacting in a 100 liter volume of liquid Argon [1] . Due to the small energy threshold (about 19 eV) Liquid Argon has been known since a long time as an excellent scintillator (Ar 2 dimer de-excite at a typical wavelength of 128 nm). To collect also the ionization electrons produced in the interaction, an electric field of 1 kV/cm is generated in the target volume and electrons are drifted toward the liquid-gas interface. Electrons are then extracted to the gas phase and drifted in a region where linear multiplication occurs (about 30 γ ¡ cm) by means of a set of grids placed at appropriate voltage. This scintillation signal is delayed with respect to the interaction occurring in liquid Argon by the time needed by electrons to drift in the liquid phase (1.5 mm/µs). At the top of the gas phase 61 2 inches photomultipliers are used to record both primary scintillation light (primary signal) and multiplication light (secondary signal). The total coverage of the PMTs is of about 10% of the total surface; a wavelength shifter, mainly TetraPhenylButadiene (emission centered around 438 nm), is foreseen both on the PMTs and on the inner walls of the detector in order to shift the Ar scintillation light to the sensitivity region of the PMTs. The reason to record both scintillation (S1) and ionization (S2) signals produced in the WIMP scattering with Argon nuclei is that the ratio S2/S1 appear to characterize nuclear recoils with respect to background induced by gamma rays and electrons, as shown in Figure 1 . This phenomenon is described in the so-called Box Model [3] and can be explained by the fact that nuclear recoils produce a higher ionization density, enhancing the probability of electron-ion recombination and giving less free electrons to be drifted to the multiplication region. Another discrimination technique is based on the analysis of the the rise-time of the primary signal; as de-
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007 / 2 007/2 PoS(HEP2005)007 A pulse shape analysis has been performed taking the ratio R between the total pulse height and the fraction of the pulse height in the first 400 ns; preliminary tests made on a set of events collected with a prototype chamber showed that a clear separation is achieved between alpha-induced and electron-induced events. As shown in Figure 1 the two selection criteria are largely uncorrelated and a total background rejection power of 10 7 is expected for the WARP experiment. In Figure 2 the discovery potential of the WARP 100 liter detector is shown.
The 2.3 liter prototype
A small prototype of the WARP detector has been built and operated in the Laboratori Nazionali del Gran Sasso underground site since February 2005. The detector is shown in Figure 3 and consists of an active volume of 2.3 liters (radius of 10 cm with a drift distance of about 7.5 cm). Two different setups have been tested: in the first one seven 2" PMTs have been used while in the second four 3" PMTs were arranged on the top of the gas phase. The PMTs are manufactured by Electron Tubes Ltd with a special Platinum coating in order to maintain photocathode conductivity also at liquid Argon temperature (87 K). In both cases a light yield of 1.0 photoelectron/keV was obtained. The PMTs are read by a set of charge sensitive preamplifiers (Camberra Mod.2005) whose output is digitized by 50 MHz sampling ADCs [2] . A total statistic of 5 £ 10 6 events has been recorded up to June 2005. During this test period a shield made of 10 cm of lead was used in order to reduce external gamma ray induced background. An interesting side result of the preliminary analysis of electron-like events in the low energy window is shown in Figure 4 . These events are mainly due
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PoS(HEP2005)007 to the beta decay of 39 Ar, a naturally occurring isotope produced by cosmic rays in the atmosphere. The measured activity is in agreement with the known content of 39 Ar in natural Argon reported in [5] . Using this result, a total amount of 3.3 events/s induced by 39 Ar beta decay is expected in the WARP 100 liter detector in the energy range 30 ¢ 100 keV. The rejection power of about 10 7 , as discussed in the previous paragraph, will reduce this (potential) background to a level of less than one event each 100 days.
Conclusions
The WARP double phase Argon detector is able to detect the very low energy (30 ¢ 100 keV) Argon recoils induced by WIMP elastic scattering. The ratio between the primary scintillation light and the secondary signal produced at the multiplication grids togheter with a pulse shape analysis of the primary signal provide a powerful tool to select WIMP induced Argon recoils with respect to the electron-like induced background. The WARP experiment will take data in the second half of 2006 and probe the WIMP-nucleus cross section down to values of about 10 8 pbarn.
